It is well known that the immunity of patients with malignant tumors decreases significantly. An increased parvovirus B19 (B19) infection rate has been observed in immunocompromised hosts. However, only a small amount of literature regarding the risk of human parvovirus infection in patients with malignant tumors is available. To evaluate the correlation of human parvovirus infection with malignant tumors, 288 serum samples from patients with malignant tumors were screened for B19 DNA by nested-PCR. The serum samples, 156 of which were from known clinicopathological cancer patients, were subjected to analysis of the seropositive rate of human bocavirus (HBoV), hepatitis B virus (HBV) and transfusion transmitted virus (TTV) by PCR. A total of 800 normal population sera and 941 aspirate samples from children with respiratory tract infections were used as controls for the detection of B19 and HBoV, respectively. Pairwise comparison between cancerous serum and control samples, and the correlation between parvovirus infection and clinicopathological variables, including gender and cancer type, were evaluated using the χ2 test, Fisher's exact test or the t-test. P<0.05 was considered to indicate a statistically significant difference. The overall prevalence of B19 DNA in cancer patients was 50.69% (146/288), which was significantly higher than that of the healthy controls with 4.5% (36/800) (χ2 test, P<0.0001). Similar results were obtained for HBoV with a 39.74% (62/156) prevalence in cancer patients. However, the infection prevalence of HBV and TTV in the cancer patients was 5.13 (8/156) and 6.41% (10/156), respectively (P<0.0001), which was much less than that of B19 and HBoV. These results revealed that a high risk of B19 and HBoV infection occurred in cancer patients, and a potential correlation exists between parvovirus infection and occurrence of malignant tumors.
Introduction
Human parvovirus B19 (B19) is a small DNA virus with a single-stranded linear genome which encodes one non-structural protein, NS-1, and two viral capsid proteins, VP1 (83 kDa) and VP2 (58 kDa) (1) . B19 is the aetiological agent of a number of diseases (2) and infection wi th B19 is a global concern. In immunologically healthy hosts, B19 may cause a number of acute, generally self-limiting diseases, notably, fifth disease or erythema infectiosum in children, acute polyarthritis in adults, and aplastic crisis in patients with chronic hemolytic anemia, including sickle cell anemia or hereditary spherocytosis (3) (4) (5) (6) . In pregnant women, B19 infection may result in the lysis of nucleated fetal red blood cells, hydrops fetalis, and subsequent spontaneous abortion and fetal mortality (7) . B19 has also been found to be associated with glomerulonephritis, vasculitis, peripheral neuropathies, myocarditis and fulminant hepatic failure (8) . In immunocompromised hosts, B19 infection may persist and lead to chronic anemia, red cell aplasia, and less frequently, thrombo-cytopenia, neutropenia and pancytopenia (9) (10) (11) . However, only a small amount of literature regarding the involvement of B19 in malignant tumors is available. In this study, we examined whether cancer patients have a higher risk of B19 infection, in order to further understand the effect of B19 infection on the pathogenesis of cancer patients.
Human bocavirus (HBoV) is a recently identified parvovirus associated with respiratory and gastrointestinal diseases in humans. It was first identified in children with lower respiratory tract infections (LRTIs) in October 2005 (12) . Since then, the detection of HBoV in acute respiratory illness has been reported worldwide, with prevalence rates between 1.5 and 19% (13) (14) (15) . It was subsequently detected in serum (16) (17) , fecal (18) (19) and urine samples (20) . HBoV detection was significantly higher in patients with symptoms of respiratory tract infections or gastroenteritis than in asymptomatic individuals (14, 16, (21) (22) (23) . Findings of a recent study suggest that acute infection of HBoV causes systemic infection, induces immune responses and is often associated with coinfection (24) . At present, the biological features of HBoV and the significance of human disease by this virus remain unknown. Since a second parvovirus causes human disease following B19, the infection incidence of this virus in cancer patients also evokes our interest.
Materials and methods
Patients and specimens. Serum samples of 288 cancer patients, 156 of which were from known clinicopathological cancer patients, were collected from the Second Hospital of Wuhan Iron and Steel Company (WISCO). To evaluate whether hepatitis B virus (HBV) infection is associated with B19 infection, 113 blood samples from patients with hepatitis were also obtained from the same hospital. A total of 800 serum samples from normal blood donors, without known ages and genders, were randomly selected at the Sixth Hospital of Wuhan and 941 aspirate samples from children with respiratory tract infections were collected at the Hubei Maternal and Child Health Hospital in Wuhan. Both served as controls. All the nucleic acid extracted from the serum and sputum samples were stored at -80˚C upon arrival in the laboratory until it was tested for parvovirus DNA. The study was approved by the academic committee of the Central China Normal University and the analysis of patients' blood samples was agreed by the Second Hospital of Wuhan Iron and Steel Company (WISCO).
Primer design. The primers used to amplify the DNA of the B19, HBoV, HBV and transfusion transmitted virus (TTV) were designed (Table Ⅰ) based on the most conserved sequences encoding the non-structural protein (NS) of parvovirus B19 (GenBank accession number, AY386330), the non-structural protein (NP1) of parvovirus HBoV (GU139423), the S gene region of HBV and the ORF1 region of TTV (AB008394), and were synthesized by Genscript Genetech Co. Ltd, China. The virus DNA was detected using nested-PCR with 2 pairs of primers, except for HBoV, which was detected by only one pair of primers. Following the first amplification, the second PCR was performed under the same conditions as described above, except that the annealing temperature was reset at 58˚C, and 0.5 µl of the first PCR product was added to the nested-PCR mixture using the specific primers. The amplification of HBoV included a step at 94˚C for 3 min, followed by 35 cycles of 30 sec at 94˚C, 30 sec at 55˚C and 1 min at 72˚C. The reactions were carried out using a thermocycler 5332 (Eppendorf, Germany).
Samples (5 µl) of second-round PCR products were analyzed by electrophoresis on a 2% agarose gel and then visualized by UV light following ethidium bromide staining. The plasmids pB19-4244 (kindly provided by Professor Tijjsen, Canada) and pWHL-1 (genomic clones of HBoV constructed previously in our lab) were used as the positive controls for B19 and HBoV, respectively. A number of precautions were taken to avoid contamination of the samples with PCR products. The reaction reagents were prepared with pipettes and containers which had never come into contact with amplified products or with positive samples. Reactions containing all the PCR reagents and sterile distilled water, instead of the DNA samples from the specimens, were used as negative controls.
The amplified DNA fragments of the expected sizes were gel purified, cloned into the vector pCR ® 2.1-TOPO ® (Invitrogen Life Technologies, Carlsbad, CA, USA) and transformed into chemically competent E. coli DH5α. A single colony was cultured and the corresponding plasmid DNA was sequenced using standard techniques.
Statistical analysis.
A pairwise comparison between cancerous serum and control samples, and the correlation between parvovirus infection and clinicopathological variables, including gender and cancer type, was evaluated by the χ2 test, Fisher's exact test or the t-test. P<0.05 was considered to indicate a 
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High prevalence of B19 and HBoV infection in tumor patients.
To determine the prevalence of B19 infection in cancer patients, a total of 288 cancer patients were enrolled in this study between August and November 2010 and B19 DNA was examined using nested-PCR (Fig. 1A) , as described in the Materials and methods. The results indicated that the overall prevalence of B19 DNA in adult cancer patients was 50.69% (146/288), which was significantly higher than that of the healthy controls with 4.5% (36/800) (χ2 test, P<0.0001). Among these 288 cancer patients, 156 patients with pertinent clinicopathological features were subjected to further examination of the seropositive rate of HBoV, HBV and TTV in their serum (Fig. 1B-D) . Our data revealed that the prevalence percentage of HBoV infection in cancer patients was 39.74% (62/156), ranked second as compared to the total analysis, whereas the infection prevalence of HBoV from 941 children with respiratory tract infections was 3.51% (33/941), which was significantly less (Table Ⅲ) than that in the cancer patients. Subsequently, 113 serum samples from hepatitis patients without cancer were examined for B19 and HBoV DNA using PCR assay as the control. The prevalence percentages of B19 and HBoV infection in hepatitis B patients were 15.9 (18/113) and 7.08% (8/113), respectively; both are significantly less than that of the cancer patients with 42.3 (66/156) and 39.7% (62/156) (Tables Ⅱ and Ⅲ). These results suggest that a high prevalence of parvovirus infection commonly occurred in cancer patients, and a possible novel link may exist between parvovirus infection and malignant tumors.
We then evaluated whether or not the cancer patients are also the targets of other viruses, by using HBV and TTV as controls. Our results revealed that the infection prevalence for HBV and TTV were 5.13 (8/156) and 6.41% (10/156), respectively (Tables Ⅱ and Ⅲ), demonstrating that the decreased immunity of the patients with malignant tumors is not the only reason for high parvovirus infection incidence. Clinical parameters of the cancer patients. Analysis of the detection results for B19, HBoV, HBV and TTV from the 156 cancer patients, ranging from 26 to 85 years old (mean, 63.38±10.56; 110 male and 46 female), indicated that the infection rate in all age groups of patients was higher for B19 and HBoV (Table Ⅱ and Ⅲ). The infection prevalence of B19 increased slightly in the older age groups, but no such trend was observed for HBoV infection.
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Comparison of parvovirus infection in different cancer categories.
A further comparison of the seropositive rate of parvovirus B19 DNA in different cancer categories revealed a markedly higher seroprevalence in the lung and stomach cancer groups (Table Ⅳ) . No significant difference in B19 seroprevalence was observed among breast, liver and prostate cancer patients. The consequence of high levels of infection in lung and stomach cancer patients is unknown and more samples may be required to confirm the results.
The highest level of HBoV seroprevalence was detected in prostate cancer patients with 61.54%, although there is no statistical significance due to the small sample size ( Table Ⅴ) . The HBoV occurrence was ranked second highest in the stomach cancer patients with a 50% (8 of 16) seropositivity rate, followed by colon cancer with 47.1, breast cancer with 42.11 and lung cancer with 35.85%. The liver cancer and other malignancies, including lymphoma, nasopharyngeal cancer, hepatocellular carcinoma, germ cell tumor, uterus carcinoma, cancer of the larynx, brain metastases, bladder carcinoma, mediastinal mass, endometrial, esophageal and pancreatic cancers, had a relatively lower HBoV seroprevalence of 18.75 and 29.41%, respectively.
Discussion
The initial objective of this study was to determine the correlation between parvovirus 4 occurrence and coinfection Table IV . Parvovirus B19 infection and clinicopathological variables. Other malignancies: lymphoma, nasopharyngeal cancer, hepatocellular carcinoma, germ cell tumor, esophageal cancer, uterus carcinoma, pancreatic cancer, cancer of the larynx, brain metastases cancer, bladder carcinoma, mediastinal mass and endometrial cancer. with other parvoviruses. Therefore, sera randomly selected from 132 cancer and 83 hepatitis B patients, without known clinical features, were screened for several viruses, including parvovirus 4 (PARV4), human bocavirus (HBoV), parvovirus B19 and hepatitis B virus (HBV) using PCR. We found that the seroprevalence of B19 and HBoV in cancer patients was extremely high compared to the normal population and HBV patients (data not shown).
We further collected sera from 156 cancer and 30 hepatitis patients with pertinent clinicopathological parameters, and examined the DNA of B19, HBoV, HBV and TTV in the sera of these cancer and hepatitis patients, and obtained the same results. As TTV and HBV are widely distributed throughout the world, with characteristics of latent infection and positivity rates for the two viruses at below 20% in healthy populations, similar to B19 occurrence, we selected these two viruses as the controls. Overall prevalence of B19 DNA in adult cancer patients and healthy blood donors was found to be 46.0 and 4.5%, respectively (P<0.0001), whereas the infection rates of HBoV in cancer patients and children with respiratory tract infections were 39.7 and 3.51%, respectively (P<0.0001). The parvovirus B19 and HBoV viral load levels in the diagnostic serum samples revealed a correlation between malignant tumors and parvovirus DNA, suggesting that cancer patients are at high risk of parvovirus B19 and HBoV infection. This is the first study describing the high prevalence of parvovirus B19 and HBoV infection in cancer patients, especially the high prevalence of B19 infection in lung cancer patients. Since B19 and HBoV infections usually present with non-specific symptoms and are easily overlooked, a high degree of suspicion and a careful search for clinical evidence of infection are required.
A host with a compromised immune system is particularly at risk of B19 infection, including individuals with AIDS, cancer patients who are receiving chemotherapy and transplant patients on immunosuppressive drugs (25) . These individuals are usually unable to produce neutralizing antibodies to clear the virus and this can lead to persistent infection, resulting in anemia (25) (26) . Therefore, it is comprehensible that the B19 infection rate in cancer groups is higher than that in the normal population in this study. However, the low infection prevalence of HBV and TTV in the same cancer sera suggested that the damaged immunity of the patients with malignant tumors is not the sole reason for explaining the high parvovirus infection incidence.
Wang et al (24) reported that acute infection of HBoV causes systemic infection and induces immune responses. In the present study, we found that although HBoV commonly exists in the serum of cancer patients, 50% (31/62) of the incidence is coinfection with other viruses (28 of which are with B19). Thus, whether HBoV is a major cause of malignant tumors remains to be determined. However, it is advisable for cancer patients to avoid contact with individuals who are infected with B19 and HBoV.
Additionally, the reasons for only lung cancer patients being more susceptible to B19 infection remain to be defined. We suspect that nosocomial infection by B19 may be significant in this scenario (27) . Lung cancer is one of the most common malignant tumors in China, and its incidence ranks first compared to all types of tumors. Therefore, lung cancer patients are more often hospitalized to receive chemotherapy and may have an increased risk of nosocomial infection with B19 due to blood transmission and person-to-person contact. In this study, sera were collected from cancer patients in the Second Hospital of Wuhan Iron and Steel Company (WISCO). The patients mostly work in or reside in the area near the factory. Long-term air pollution may be the main cause of the large numbers of lung cancers. Another possible factor is that we obtained the majority of the serum samples from the 
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Variables
Positive (%) Negative (%) P-value lung cancer patients and an insufficient sample size is the main reason for the seroprevalence of B19 infection being of statistical significance in the analysis.
In conclusion, human parvovirus B19 and HBoV DNA commonly occur in the serum of cancer patients, and a possible novel link may exist between parvovirus infection and malignant tumors. Early diagnosis of this easily over-looked infection is crucial and can only be achieved by a high degree of clinical suspicion. Further studies are required to delineate an epidemiological investigation of the correlation between malignant tumors and human parvovirus infection.
